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CONTROL CIRCUIT JSND PROCESS FOR A CATHODE RAY TUBE DISPLAY 

CONTROL APPARATUS 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

This invention relates generally to a control apparatus 
of a low-cost multi-frequency cathode ray tube (CRT) display 
5 such as a computer monitor and, more specif ically, to a control 
circuit of the high voltage power supply of the CRT. 

2. State of the Art 

The tube of a CRT display typically comprises a screen 
biased at the anode voltage of the tube. The cathode of the tube 

10 is provided for emitting a video-modulated beam of electrons 
toward the screen. Horizontal and vertical deflection yokes 
deflect the electron beam so that it sweeps a predetermined area 
of the screen. The video modulation of the intensity of the 
electron beam during the sweeping of the screen enables 

15 displaying a picture on the screen. 

FIG. 1 schematically represents a known control 
apparatus of a low-cost multi-frequency monochrome CRT display 2 
having an anode 4 and a cathode 6. Such a control apparatus is 
for example described in the "Nouveau guide de t61£vision en 

2 0 couleurs", issued by the Syndicat de Const ructeurs d'Appareils 
de Radio et de Television (SCART) , pages 197-202, concerning the 
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- -horizontal- sweeping yoke, and - in - the application notes of the 
circuits having the reference numbers 9112 or 9112A from 
STMicroelectronics concerning the power supply of the yoke. 

The horizontal deflection yoke 8 of the display is 
5 connected to a yoke control unit comprising a diode 12 , a switch 
14 and capacitors 16 and 18. The cathode of diode 12 is 
connected to a first end of the yoke 8. The anode of diode 12 is 
connected to a ground or common reference voltage. Switch 14 and 
capacitor 16 are connected in parallel with the diode 12. The 

10 second - end of -yoke 8 is - connected to the ground through 
capacitor 18. The first end of yoke 8 is connected through an 
inductor 20 to a power supply 21. Power supply 21 comprises a 
controlled current source 22 delivering an average supply 
current Is. A capacitor 23 is connected in parallel with current 

15 source 22. Current source 22 is a known step up current mode 
source. 

Inductor 20 forms the primary coil of a low/high 
transformer 24 of an anode biasing unit. A high turn count 
secondary coil 28 of transformer 24 has a first end connected to 

2 0 the ground and a second end connected to the anode of a diode 
30. The cathode of diode 30 is connected through a low pass 
filter 32 to the anode 4 of the display. Low pass filter 32 is 
illustrated as comprising a resistor 34, corresponding to the 
resistance of the coil 28, connected in series with diode 30, 

25 and a capacitor 36 connected between the anode 4 and the ground. 

A sensing coil 37 of transformer 24, comprising a low 
number of turns compared to coil 28, has one end connected to 
the ground and one end connected to a control circuit 38. The 
" "■ 'control " circuit' "38" comprises ** a' feedback block 39 'arid may 

30 conprise other blocks that are not illustrated. Feedback block 
39 comprises a rectifying diode 40, a filtering capacitor 42, a 
voltage divider and an amplifier. The anode of diode 40 is 
connected to sensing coil 37. The cathode of diode 40 is 
connected to the ground through capacitor 42. The voltage 

35 divider is comprised of two resistors 44, 46 connected in series 
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between the cathode of diode 40 and the ground. The amplifier 
comprises an operational amplifier 48 having its inverting input 
connected to the node between resistors 44 and 4 6 and its non- 
inverting input connected to a reference voltage Vref. A 
5 capacitor 49 is connected between the inverting input and the 
output of amplifier 48 in a known manner for stability purposes. 
The output of amplifier 48 controls the current source 22. While 
most often the current source 22 works in a switched mode, the 
important point is that the average of the current it supplies 

10 is controlled by the output voltage of amplifier 48. 

For sweeping a line of the screen, switch 14 is 
alternatively opened and closed to make the current in yoke 8 
increase at a predetermined speed from a predetermined negative 
maxima to a predetermined positive maxima, then to make the 

15 current in yoke 8 return fast to the predetermined negative 
maxima (current flyback) . This causes the electron beam to sweep 
a line of the screen and then return fast to an appropriate 
position for sweeping the next line. The vertical deflection 
yoke (not illustrated) is controlled to move the beam vertically 

2 0 to the next line during flyback. 

A voltage peak appears across inductor 20 during 
flyback. A corresponding high voltage peak appears across coil 
28, which is rectified through diode 30 and smoothed by filter 
32 with a time constant which may be equivalent to the display 

25 time of several pictures, i.e. generally more than 10 ms, so as 
to obtain a substantially constant high D.C. biasing voltage Vb. 

The amplifier 48 of the feedback block 39 receives a 
monitoring voltage Vm substantially proportional to the biasing 
voltage Vb, and regulates the supply current is so that voltage 

30 Vm remains equal to the reference voltage Vref. This keeps the 
supply voltage Vs substantially constant, whereby the current 
maxima in coil 8 and the biasing voltage Vb remain substantially 
constant. The feedback block 39 performs as an integrator 
because of the capacitor 49. 
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* The above control apparatus- is known to-be prone . to a 

problem often referred to as "dynamic breathing" of the screen. 
The dynamic breathing corresponds to a variation of the length 
of lines of the screen when a sharp change of the brightness of 
5 an image being displayed on the screen occurs . 

A need exists for a control apparatus that provides for 
the functionalities of the above control apparatus while 
suppressing the dynamic breathing of the screen. 

SUMMARY OF THE INVENTION 

, ICL . - .~ A contribution of the .inventor- has-been to identify the 

causes of the dynamic breathing. Displaying a bright area below 
a dark area on the screen results in a steep extra power being 
drawn by the display from the secondary coil of the transformer. 
This steep extra power is not compensated immediately by the 

15 feedback block since the feedback loop has a response delay, 
whereby the extra power is immediately drawn from the primary 
coil of the transformer, which reduces the power supplied to the 
horizontal deviation yoke and reduces the width of the lines 
displayed. Similarly, displaying a dark area below a bright area 

2 0 results in increasing the width of the lines displayed. In a 
known manner, the change in the power drawn by the display 
follows a change of the current flowing through the cathode of 
the display. It is only after a while that the power supply will 
provide the new power level required by the displayed image, 

25 thus restoring the normal line width. 

A major aspect of the invention is that a measure of 
the cathode current is used to generate a compensation voltage 
that is added in a regular feedback loop. 

- — — - 'Accordingly; * the -present invention rel'ates * to a control 

30 circuit of a power supply delivering a supply current to an 
inductor connected in series with the horizontal deflection yoke 
of a CRT display for displaying pictures comprised of successive 
lines, said inductor also being the primary coil of a low/high 
transformer operatively connected for delivering a rectified 

35 low-pass filtered biasing voltage to the anode of the display, 
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said low-pass filtering having a first time. constant 
corresponding to the display time of a plurality of pictures. • 

In particular, said control circuit comprises a 
feedback block generating a monitoring voltage substantially 
5 proportional to the biasing voltage of the anode and controlling 
the supply current so as to keep the monitoring voltage equal to 
a reference voltage; and a feedforward block for measuring the 
cathode current supplied to the cathode of the display tube and 
for adding to the monitoring voltage a compensation voltage 
10 corresponding to the cathode current, low-pass . filtered with a 
second time constant corresponding to the display time of a 
small number of lines and high-pass filtered with said first 
time constant. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 The features and advantages of the present invention can 

be more readily understood with reference to the. following 
description and appended claims when taken in conjunction with 
the accompanying drawings wherein: 

FIG. 1 is a schematic view of a prior art display 
2 0 control apparatus; 

FIG. 2 is a schematic view of a first embodiment of a 
display control apparatus in accordance with the present 
invention; 

FIG. 3 illustrates an exemplary operation of the display 
2 5 control apparatus illustrated in FIG. 2; and 

FIG. 4 is a partial, schematic view of a feedforward 
block in accordance with a preferred embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT 

30 FIG. 2 illustrates a schematic view of a first 

embodiment of an exemplary control apparatus according to the 
present invention of a CRT display 2 having an anode 4 and a 
cathode 6. Same reference numbers designate same elements in 
FIG. 1 and 2. Only the elements that are necessary to the 

35 understanding of the invention have been illustrated. The 
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• control apparatus- is - generally comprised of - a . horizontal yoke 
control unit, an anode biasing unit, a power supply 21 and a 
control circuit 38 comprising a feedback block 39 operatively 
connected as described in relation with FIG. 1. 
5 According to the invention, the control circuit 38 

comprises, in addition to the elements disclosed in connection 
with FIG. 1, a feedforward block 50 comprising a measuring unit 
52, capacitors 54 and 56, and resistors 58 and 60. Measuring 
unit 52 senses the cathode current of the CRT, and provides a 
* 10 corresponding voltage Vc. Voltage Vc is supplied to a first end 
of capacitor 54. The second end of capacitor 54 is connected 
through resistor 58 to the ground. Capacitor 54 and resistor 58 
form a high-pass filter 62. The second end of capacitor 54, 
corresponding to the output of filter 62 is connected, through 

15 resistor 60 and coupling capacitor 56 in series, to the 
inverting input of amplifier 48. 

According to a first embodiment of the invention, unit 
52 is comprised of a driving transistor 64 having its emitter 
connected to the cathode 6, its collector connected to the 

20 ground through a sensing resistor 66, and its base operatively 
connected to receive a video signal. A capacitor 68 is connected 
in parallel with resistor 66. A buffer 70 is preferably 
connected between the collector of transistor 64 and the output 
of unit 52 . 

25 The buffer 70 of the feedforward block delivers to 

filter 62 a voltage Vc corresponding to the cathode current 
flowing through resistor 66, filtered by the parallel connection 
of resistor 66 and capacitor 68. Preferably, the low-pass filter 
156-68 is chosen "to introduce 4 a" time constant of " a few lines, 

30 i.e. 0.1 ms, so as to smooth the cathode signal. 

In filter 62, capacitor 54 and resistor 58 are chosen 
so as to filter the voltage signal Vc provided by buffer 70 with 
a time constant RC substantially equal to the time constant of 
filter 32 so as not to take into account slow variations of the 

35 smoothed cathode signal and to give the filtered voltage an 
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appropriate time constant, as explained below. The voltage 
supplied by filter 62 through the coupling capacitor is 
integrated by the amplifier 48, configured as an integrator by 
capacitor 49. Resistor 60 provides for tuning the compensation 
5 voltage . 

The successive display of a dark zone and a bright zone 
on the screen corresponds to a step increase of the cathode 
current supplied to cathode 6, which corresponds to a step 
increase AV of the voltage across resistor 66. In response to 

10 the step increase AV, filter 62 delivers a. filtered compensation 
voltage Vf = Av.e( -t / RC ), which after integration gives a 
correction voltage Vcor proportional to AV.RC. (1-e (-t/RC) ) m j^ie 
inventor has shown that such a correction voltage, added to the 
usual control voltage provided by the feedback block, 

15 compensates the step increase of the cathode current. A 
reciprocal correction is caused when a dark zone is displayed 
after a bright zone on the screen. 

FIG. 3 illustrates exemplary variations of voltage V66 
across resistor 66, and of the corresponding voltage Vc supplied 

20 by buffer 70, filtered voltage Vf and correction voltage' Vcor, 
during an exemplary operation of the display of FIG. 2. The 
shape of the curves is only intended to be illustrative. 

Initially, voltage V66 corresponds to the display of a 
dark picture and remains at a low value, while comprising 

25 voltage peaks shorter than the display time of a small number of 
lines. The variations of voltage Vc corresponds to the 
variations of current Icat, smoothed by filter 66, 68. As long 
as Vc is constant, Vf remains null. The variations of voltage. 
Vc, slow, are suppressed by filter 62 and' voltage Vf is 

30 constant. Correction voltage Vcor is constant. 

At a time tO, voltage V66 follows a step increase Av 
corresponding to the display of a plurality of bright lines . 
Since the step increase lasts longer than a small number of 
lines, voltage Vc follows a same step increase Av. The influence 

35 of filter 66, 68 is hardly visible at this scale. As described 



8 



*•: • above , in- response to step increase Av -of voltage Vc, filter 62 
delivers filtered voltage Vf = Av.e( _t / RC ) and integrator 48 
delivers , in addition to the usual control voltage provided by 
the feedback block, the correction voltage Vcor proportional to 
5 Av.RC. (l-e(- t / RC >) . 

At a time tl is illustrated a reciprocal correction 
corresponding to a step reduction of voltage V66, when a dark 
zone is displayed above a bright zone. 

Due to the control circuit according to the invention, 

10 the transformer delivers to the horizontal deviation yoke of the 
display a substantially constant power through its primary coil, 
while the power delivered to the biasing unit follows the 
variations of the cathode current, whereby suppressing the 
dynamic breathing. 

15 FIG. 4 illustrates a partial schematic view of a unit 

52' replacing, in a preferred embodiment of the invention, the 
unit 52 illustrated in FIG. 2 of the control circuit 38. In some 
display structures, it may only be possible to sense the cathode 
voltage and the cathode voltage is known to correspond in a non 

2 0 linear way to the cathode current. The inventor has considered 
that the cathode voltage can be converted to provide a measure 
of the cathode current: for instance, in a very simple 
implementation, it can be approximated as being proportional to 
the cathode current along a first slope when the cathode voltage 

25 is smaller than a predetermined voltage, and along a second 
slope when the cathode voltage is greater than the predetermined 
voltage . 

Accordingly, unit 52' comprises a voltage divider, 
'comprised of 'two" resistors ' 12/ 74' connected in series "between 

30 the cathode 6 of the display 2 and the ground. The output of the 
voltage divider is connected through a filter capacitor 68 to 
the ground and through a buffer 70 to the output of unit 52'. In 
addition, the output of the voltage divider is connected to the 
anode of a diode 76 through a resistor 78. The cathode of diode 

35 7 6 is connected to a predetermined threshold voltage Vt. 
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As long as . the cathode voltage is smaller than a 
predetermined voltage depending on the dividing ratio of the 
voltage divider and of threshold voltage source Vt, voltage Vc 
delivered by unit 52' follows the variations of the cathode 
5 voltage along a first slope depending on the dividing ratio of 
the voltage divider. 

When the cathode voltage is greater than the 
predetermined voltage, voltage Vc follows the variations of the 
cathode voltage along a second slope depending on the dividing 
10 ratio of the voltage divider modified by. the parallel connection 
of resistor 78. 

In the exemplary embodiments, the display as illustrated 
has a general configuration of a monochrome display with only 
one cathode. Those skilled in the art, however, will appreciate 
15 that the number of cathode may vary without departing from the 
spirit of the present invention and that the words "cathode 
current" must in that case be understood as actually designating 
the sum of the currents flowing through each of the cathodes of 
the display. 

2 0 In the case of a colour monitor (not illustrated) 

comprising two additional cathodes, the unit 52* of FIG. 3 will 
comprise two additional resistors (not illustrated) having the 
same value as resistor 72, each connected between one of said 
additional cathodes and the node between resistors 72 and 74. 

25 Also, in view of the above, one skilled in the art will 

easily adapt the structure of the unit 52 of FIG. 2 to the case 
of a colour monitor. 

For clarity's sake, unit 52' has been illustrated as 
being connected directly to cathode 6. Actually, the video unit 

30 (not illustrated) driving cathode 6 is often connected to the 
cathode 6 through a clamping unit comprising a series capacitor, 
in which case unit 52 1 will preferably be connected to the 
output of the video unit and receive only the variations of the 
cathode voltage due to the video signal. 
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Those skilled in the, art will, also appreciate that there 
may be other ways of designing or combining the feedback block 
or the feedforward block of the control circuit, including 
modifications and combinations of the means described herein. As 
5 an example, the capacitor 56 of unit 50 may be suppressed by 
biasing the voltage Vc to a voltage level appropriate not to 
shift the D.C. level of the input of amplifier 48. Thus, while 
certain representative embodiments and details have been shown 
for purposes of illustrating the invention, it will be apparent 
10 to those skilled in the art that various changes, in the 
invention disclosed herein may be made without departing from 
the scope of the invention, which is defined in the appended 
claims . 
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CLAIMS 

1. A control circuit (38) of a power supply (22) 
delivering a supply current (Is) to an inductor (20) connected 
in series with a horizontal deflection yoke (8) of a cathode ray 
tube display (2) for displaying pictures comprised of successive 
5 lines , said inductor (20) being the primary coil of a low/high 
transformer (24) operatively connected for delivering . a 
rectified low-pass filtered biasing voltage (Vb) to the anode 
(4) of the display (2), said low-pass filtering having a first 
time constant corresponding to the duration of a small number of 

10 pictures , said control circuit comprising: 

feedback means (37, 39) for generating a monitoring 
voltage (Vm) substantially proportional to said biasing voltage 
(Vb) and for controlling said supply current (Is) so as to keep 
said monitoring voltage (Vm) equal to a reference voltage 

15 (Vref ) ; and 

feedforward means (50) for measuring the cathode 
current supplied to the cathode (6) of the display and for 
adding to said monitoring voltage (Vm) a compensation voltage 
corresponding to said cathode current, low-pass filtered with a 

2 0 second time constant corresponding to the duration of a small 
number of lines and high-pass filtered with said first time 
constant . 

2. A control circuit according to claim 1, wherein 
said monitoring voltage is provided by a sensing coil (37) of 

25 the transformer (24) , operatively connected through a rectifier 
diode (40) and a first voltage divider (44, 4 6) to an integrator 
(48, 49), the output .of .said integrator, supplying an output 
control signal of the control circuit. 

3. A control circuit according to claim 2, wherein the 
30 input and output of said integrator (48, 49) are respectively 

the inverting input and output of an operational amplifier (48) , 
connected through a capacitor (49), the non inverting input of 
the operational amplifier receiving said reference voltage 
(Vref) . 
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...... .,4-. A control- circuit • according to claim 3, wherein 

said feedforward means (50) comprise at least a second voltage 
divider (72, 74) provided for receiving the variations of the 
cathode voltage, the output of said second voltage divider being 
connected through a resistor (78) to the anode of a diode (76), 
the cathode of said diode being connected to a predetermined 
threshold voltage (Vt) ; and the output of said second voltage 
divider (72, 74) being operatively connected through a capacitor 

(54) to the input of said integrator (48, 49) . 

5. A control apparatus of a cathode ray tube display 

(2) for displaying pictures comprised of successive lines, 
comprising: 

power supply means (22) provided for supplying a supply 
current to an inductor (20) connected in series with a 
horizontal deflection yoke (8) of the display; 

biasing means comprising a low/high transformer (24), 
the primary coil of said transformer being said inductor (20), 
for delivering a rectified low-pass filtered biasing voltage 
(Vb) to the anode (4) of the display (2), said low-pass 
filtering having a first time constant corresponding to the 
duration of a plurality of pictures; 

feedback means (37, 39) for generating a monitoring 
voltage (Vm) substantially proportional to said biasing voltage 
(Vb) and for controlling said supply current (Is) so as to keep 
said monitoring voltage (Vm) equal to a reference voltage 
(Vref ) ; and 

feedforward means (50) for measuring the cathode 
current supplied to the cathode (6) of the display and for 
'adding v to said monitoring voltage" (Vm) a compensation' voltage 
corresponding to said cathode current, low-pass filtered with a 
second time constant corresponding to the duration of a small 
number of lines and high-pass filtered with said first time 
constant . 

6. A control apparatus according to claim 5, wherein 
said monitoring voltage is provided by a sensing coil (37) of 
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the transformer (24) ,. operatively. connected through a rectifier 
diode (40) and a first voltage divider (44, 46) to an integrator 
(48, 49), the output of said integrator supplying an output 
control signal of the control circuit . 
5 7. A control apparatus according to claim 6, wherein 

the input and output of said integrator (48, 49) are 
respectively the inverting input and output of an operational 
amplifier (48), connected through a capacitor (49), the non 
inverting input of the operational amplifier receiving said 

10 reference voltage (Vt) . 

8. A control apparatus according to claim 7, wherein 
said feedforward means (50) comprises at least a second voltage 
divider (72, 74) provided for receiving the variations of the 
cathode voltage, the output of said second voltage divider being 

15 connected through a resistor (78) to the anode of a diode (76), 
the cathode of said diode being connected to a predetermined 
threshold voltage; and the output of said second voltage divider 
(72, 74) being operatively connected through a capacitor (56) to 
the input of said integrator. 

20 9. A CRT display (2), the control apparatus of which 

comprises a control circuit (38) according to claim 1. 

10. A CRT display (2) comprising a control apparatus 
according to claim 5. 

11. A control process of a power supply provided for 
25 delivering a supply current (Is) to an inductor (20) connected 

in series with a horizontal deflection yoke (8) of a cathode ray 
tube display (2) for displaying pictures comprised of successive 
lines, said inductor (20) being the primary coil of a low/high 
transformer (20) operatively connected for delivering a 

30 rectified low-pass filtered biasing voltage (Vb) to the anode 
(4) of the display (2), said low-pass filtering having a first 
time constant corresponding to the duration of a plurality of 
pictures, said control circuit comprising the following steps: 

generating a monitoring voltage (Vm) substantially 

35 proportional to said biasing voltage (Vb) and controlling said 
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supply current (Is) so as to keep said monitoring voltage (Vm) 
equal to a reference voltage (Vref ) ; and 

measuring the cathode current supplied to the cathode 
(6) of the display and adding to said monitoring voltage (Vm) a 
compensation voltage corresponding to said cathode current, low- 
pass filtered with a second time constant corresponding to the 
duration of a small number of lines and high-pass filtered with 
said first time constant. 
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ABSTRACT 

A control circuit of a power supply delivering a supply 
current to an inductor connected in series with the horizontal- 
deflection yoke of a cathode ray tube display , said inductor 
being the primary coil of a transformer operatively connected 
for delivering a rectified low-pass filtered biasing voltage to 
the anode of the display , said low-pass filtering having a first, 
time constant ■ corresponding to the "duration of a plurality of 
pictures, said control circuit comprising: feedback means for 
generating a monitoring voltage substantially proportional , to 
said biasing voltage and for controlling said supply current - to 
keep said monitoring voltage equal to a reference voltage; and 
feedforward means for measuring the cathode current and for 
adding to said monitoring voltage a compensation voltage 
corresponding to said cathode current, low-pass filtered with a 
second time constant corresponding to the duration of a small 
number of lines and high-pass filtered with ..said first time 
constant . • < 
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